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Abstract 
   Titanium carbide (TiC) and TiC-Al2O3 composite particles were obtained in situ by a self-propagating high 
temperature synthesis (SHS) of wood dust and TiO2 with Mg and Al, respectively. The reaction was carried out in a 
SHS reactor under static argon gas at the pressure of 0.5 MPa. The standard Gibbs energy minimization method was 
used to calculate the equilibrium composition of the reacting species. The effects of activated carbon used as 
precursor instead of wood dust were investigated. XRD and SEM analyses indicate a complete reaction of the 
precursors for both wood dust and activated carbon to yield TiC-MgO and TiC-Al2O3 as a product composite. The 
synthesized TiC-MgO composites were leached with 0.1M HCl acid solution to obtain TiC particles as final products. 
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1. Introduction 
Alumina is used extensively as a structural ceramic material in applications where high hardness, 
chemical inertness and good high temperature properties are required [1, 2]. A disadvantage of alumina, 
however, is that the ceramic is brittle with poor fracture toughness and poor thermal shock resistance. It is 
known that the incorporation of a second phase particulate into a ceramic matrix result in improvement in 
the mechanical properties of the composite material. For example if TiC particles, with the grain limited 
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to 1–1.5 μm, are added to Al2O3, the carbide limits the Al2O3 grain growth in the matrix during sintering 
and the result is a higher strength, higher hardness material, which is resistant to crack propagation [3]. 
Al2O3–TiC composite has been widely used in industry as cutting tools and wear resistance coating due to 
its high hardness, chemical stability, good strength and toughness at elevated temperature, and excellent 
wear resistance. 
Titanium carbide (TiC) also attracted great interest for many structural applications due to its extremely 
high melting temperature, high hardness, high chemical resistance and good electrical conductivity. 
Therefore TiC can be used in cutting tools, grinding wheels, wear-resistant coatings, high-temperature 
heat exchangers, magnetic recording heads, turbine engine seals, and bullet-proof vests, etc. In addition, a 
promising field of application comprises plasma and flame spraying processes in air, where titanium 
carbide-based powders show higher-phase stability than tungsten carbide-based powders [4].  
TiC can be synthesized by a direct reaction between Ti and carbon under vacuum at high temperatures 
of 1,900 °C to 2,900 °C [5]. This method is expensive because of the high cost of elemental Ti and the 
involved energy intensive process. Because of these reasons many synthesis routes to produce TiC were 
studied and proposed such as thermal plasma synthesis [6], carbothermal reduction process [7-8], 
chemical vapour deposition (CVD) [9], and self-propagating high temperature synthesis (SHS) [10-12]. 
The thermal plasma synthesis and CVD have very high operating costs; and on the other hand 
carbothermal reduction of TiO2 with carbon requires a high temperature furnace for synthesis at 1,500 °C. 
The self-propagating high-temperature synthesis method has been developed to produce ceramics, 
intermetallics, catalysts and magnetic materials at low cost [13-15]. This method exploits self-sustaining 
solid-flame combustion which develops very high temperature inside the materials over a short period. It 
therefore offers many advantages over traditional methods, such as a much lower energy lost, a lower 
environmental impact, a convenient many fracturing process and unique properties of the product.  
The SHS process is considered a less expensive method to produce TiC with a low cost reactor and a 
power source with fewer requirements. One weak point of this method however is the requirement for 
expensive starting materials with pure elemental materials of Ti to react with C [12] and with woody 
materials [10]. This can be solved by using TiO2, C and Mg in SHS process to synthesis of TiC [11]. 
In this study, the productions of TiC and TiC-Al2O3 composite powders were obtained by self-
propagating high temperature synthesis (SHS) from a mixture of wood dust as the carbon source together 
with TiO2 and Mg coupled with leaching processes for TiC and TiO2 and Al for TiC-Al2O3 composite. 
The effects of carbon sources of wood dust versus carbon black to the result products were investigated. 
2. Experimental 
The raw materials used in this paper were Mg, Al, wood dusts (WD), activated carbon (AC), and TiO2 
powders whose properties are listed in Table 1. The mean particle size of wood dust was 46.34 Pm in 
which analyzed by LPSA (laser particle size analyzer: COULTER LS230). The elemental analysis of 
wood dust was performed by the dynamic flash combustion technique (CE Instruments Flash 1112 Series 
EA CHNS-O Analyzer) which had the results in mass percent of 44.99 C, 6.04 H, and 29.66 O. 
The experimental setup used in this work consisted of a SHS reactor with a controlled atmospheric 
reaction chamber and tungsten filament connected to power source through a current controller, which 
provides the energy required for the ignition of the reaction.  
Reactant powders were weighted as stoichiometric ratio and milled in planetary ball-milled with the 
speed of 250 rpm for 30 minute. In case of synthesis TiC from WD, the C/TiO2 molar ratio was fixed at 
1.0 and Mg/TiO2 molar ratios were changed from 2 to 2.4. The obtained mixture was uniaxially pressed 
to form cylindrical pellets (25.4 mm. diameter and about 25 mm high) with green density in the range of 
50-60% of the theoretical value. Green sample was then loaded into reaction chamber of SHS reactor. 
The reaction chamber was evacuated and filled with argon. This operation was repeated at least twice in 
order to ensure an inert environment during reaction revolution. The combustion front was generated at 
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one sample end by using of a heated tungsten filament. Then, under self-propagating conditions, the 
reaction front travels until reaches the opposite end of the sample. The obtained products of TiO2-C-Mg 
system were leached with 0.1 M HCl solution for 24 hours to obtained final product of TiC, while the 
products of TiO2-C-Al system were used as TiC-Al2O3 composites. 
The products were characterized in term of chemical composition and microstructure by XRD 
(PHILIPS with Cu KD radiation) and SEM (JEOL, JSM-5800 LV) analyses.  
 
Table 1. Properties of the Reactant Powders. 
 
 
 
 
 
 
 
 
 
 
3. Results and Discussion 
3.1 Thermodynamic Analysis 
      The equilibrium composition of TiO2-C-Mg system and  TiO2CAl system at different temperatures 
were performed using a computer program [16] based on Gibbs energy minimization method [17] and the 
result is shown in Fig. 1. The overall 
 
TiO2(s) + C(s) + 2Mg(s) = TiC(s) + 2MgO(s)                   (1) 
 
3TiO2(s) + 3C(s) + 4Al(s) = 3TiC(s) + 2Al2O3 (s)                  (2) 
 
Reactant Vendor Size Purity (%) 
Mg Riedel-deHaen -   99 
TiO2 Ajax Finechem -325 mesh 99.5 
Wood Dust (WD) Para-rubber wood 46.34 Pm   - 
Al Himidia 
Laboratories 
- 93 
Activated Carbon (AC) Ajax Finechem - 99 
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     The adiabatic temperature (Tad) of the SHS process can be calculated from the enthalpy of the reaction 
[17]. This is the maximum theoretical temperature that the reactants can reach, and it is determined from 
Eq. (3). This equation applies to a phase change occurring between the initial temperature and Tad. The 
calculated results of overall reaction from Eqs. (1) and (2) are 2739.3 oC and 2082.1 oC, respectively. 
 
dTCHdTCH
ad
m
m T
T
liquidpf
T
solidp ³³ ' ' ,
298
,                           (3) 
where, 'H is the enthalpy of the reaction, 'Hf is the enthalpy of transformation, Cp is the specific heat 
capacity, Tm  is the melting temperature, and Tad is the adiabatic temperature. 
      It can be seen from Fig. 1 that it is thermodynamically feasible to synthesis composites by heat up the 
system of TiO2-C-Mg and TiO2-C-Al. As accepted that the reaction can be self-sustained combustion 
when adiabatic temperature of the reaction higher than 1800qC [18]. From calculation, adiabatic 
temperature (Tad) of the reaction system is higher than 1800qC, thus the using of SHS is feasible for 
these systems.  
 
 
Fig. 1. Equilibrium Composition of (a) TiO2-C-Mg Systems and (b)TiO2-C-Al Systems in Ar Gas Atmosphere. 
 
(a) 
(b) 
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3.2 Synthesis of TiC Powders 
By varying the amount of Mg in the mixture of precursors, the resulted products from the SHS 
reactions can be identified by XRD technique (shown in Fig. 2). This can be explained by the propose 
reactions shown in Eqs. (4)-(6).  
 
TiO2(s) + 2Mg(s) = Ti(s) + 2MgO(s)                                 (4) 
 
 Ti(l) + C(s) = TiC(s)                                                         (5) 
 
TiO2(s) + 3C(s) = TiC(s) + 2CO(g)                                   (6) 
 
At first, the thermite reaction between TiO2 and Mg took place and yielded Ti and MgO as products 
and released high heat of the reaction ('H=-257.73 kJ/mol) to the adjacent vicinity. The heat energy 
calcined the natural cellulose of WD into carbon and melted Ti to liquid phase (Tmelt = 1668 oC). The 
melted Ti coats the WD carbon powder by capillarity action and the liquid-solid reaction of Equation 5 
took place. Since the contact between the solid TiO2 and C is relatively short, thus, the contribution of this 
solid-solid reaction of Eq. (6) would be less significant. For the system with lower ratio of Mg in 
precursors, the product phases consist of not only TiC and MgO but the complex oxide of Mg2TiO4. This 
result suggest that the reaction involve may have more intermediate reactions. The possible additional 
reactions may be written as: 
 
2TiO2(s) +2Mg(s) = Mg2TiO4(s) + Ti(s)                                 (7) 
 
Mg2TiO4(s) + 2Mg(s) = 4MgO(s) + Ti(s)                                (8) 
 
The amount of Mg in the precursor played an important role in the overall reactions. The calculated 
adiabatic temperature of reaction from Equation (3) by HSC® program [16] when using 2, 2.2, and 2.4 
mole of Mg were 2,739.3, 2,640.5 and 2,546.1 °C, respectively. When less amount of Mg to TiO2 mole 
ratio was used as precursors, the higher adiabatic temperature provides the formation of Mg2TiO4 
(Equation (7)). Increasing the amount of Mg to TiO2 mole ratio, the adiabatic temperature of reaction 
decrease from higher energy used in melting more Mg and the Mg2TiO4 disappeared (Equation (8)) from 
the products. These were agreeing well with the calculation showed in Fig. 1(a) in which Mg2TiO4 
formed at higher temperature than 2,500 °C.  
The product of TiO2-C-Mg system with 2.4 mole of Mg show slightly different when using AC instead 
of WD. There is still has a trace of Mg2TiO4 left in the product (as shown in Fig. 4(a)). The oxide phases 
of composite product from all systems were leached out and only TiC was left as identified by XRD in 
Fig. 3 and Fig. 4(b).  
The morphology of the products obtained from SEM micrographs in Fig. 5 shows good inter-particle 
cohesion within agglomerated particles of both TiC from WD and AC (after leaching). It can be seen that 
TiC particle of product from WD is smaller than that of AC. This may be due to more heat require for 
combust and break down cellulose on WD resulting in lower heat release from exothermic reaction than 
in AC system.  
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Fig. 2. XRD Patterns of Reaction Products Varying with Different Relative Mole Ratio of Mg to TiO2 (before leaching). 
 
 
Fig. 3. XRD Patterns of Reaction Products Varying with Different Relative Mole Ratio of Mg to TiO2 (after leaching). 
 
528   Sutham Niyomwas /  Energy Procedia  9 ( 2011 )  522 – 531 
 
Fig. 4. XRD Patterns of Products from TiO2-AC-Mg System (a) Before Leaching and (b) After Leaching. 
 
3.3 Synthesis of Al2O3–TiC Composite Powders 
Figure 6 shows XRD patterns of reaction products with different relative amounts of carbon at a 
constant molar ratio of TiO2:Al at 3:4. Intermediate phase of Ti2O3 in the product was observed when 2.7 
and 3 mole of carbon was used. This can be explained by the lost content of carbon to form CO gas. As 
the relative amount of carbon to TiO2:Al increased, the intermediate phase disappeared and the SHS 
reaction was completed and formed Al2O3–TiC composites.  
Figure 7 shows XRD patterns of synthesized product from different carbon source. It can be seen that 
when using WD as carbon source, the resulted product was Al2O3–TiC composites with small amount of 
unreacted TiO2 (Fig. 7(a)). On the other hand, Al2O3–TiC composites were obtained from AC as carbon 
source (Fig. 7(b)).  
Figure 8 shows SEM images of as-synthesis Al2O3–TiC composites from TiO2-WD-Al System (Fig. 
8(a)) and  TiO2-AC-Al System (Fig. 8(b)). It can be seen that there is two distinctive shapes of needle-like 
TiC phase and plate-like Al2O3 phase when using AC as carbon source. The higher heat produced from 
SHS reaction front when using carbon source of AC over WD can help grain growth and form distinctive 
shapes.  
 
   
Fig. 5. SEM Images of Product from (a)TiO2-WD-Mg System and (b) TiO2-AC-Mg System (Both with Molar Ratio of TiO2:C:Mg = 
1:1:2.4). 
a b 
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Fig. 6. XRD Patterns of Product from TiO2-AC-Al System at Different Carbon Molar Ratio. 
 
 
Fig. 7. XRD Patterns of Product from (a) TiO2-WD-Al System and (b) TiO2-AC-Al System (Both with Molar Ratio of TiO2:C:Al = 
3:3.3:4). 
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Fig. 8. SEM Images of Product from (a)TiO2-WD-Al System and (b) TiO2-AC-Al System (Both with Molar Ratio of TiO2:C:Al = 
3:3.3:4). 
 
4. Conclusions 
     The TiC powders were produced from leaching out MgO from TiC-MgO composite that was in-situ 
synthesized via a self-propagating high temperature synthesis reaction from precursors of TiO2, wood 
dust, and Mg. The incomplete reaction was observed when using molar ration of Mg to TiO2 of 2 and 2.2. 
As the relative molar ratio of Mg to TiO2 increased to 2.4, the SHS reactions were completed and formed 
TiC-MgO composites. When used AC as carbon source, the incomplete reaction was observed and a trace 
of Mg2TiO4 was left in the final product. The final products after the leaching process shows only TiC 
phase left in the system for all the different system of precursors. 
     The Al2O3–TiC composite powders were also successfully synthesized via self-propagating high 
temperature synthesis reaction from precursors of TiO2-C-Al with AC as carbon source. The incompleted 
SHS reaction was observed when using lower and stoichiometric molar ratio of carbon (3:2.7:4 and 
3:3:4),. As the relative molar ratio of carbon to TiO2:Al increased (3.3:3:4), the SHS reaction was 
completed. When used AD as carbon source, unreacted TiO2 was left in the product and gave 
agglomerated particle.  
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